1. Background {#sec1}
=============

Worldwide, the prevalence of obesity amongst minority groups has increased steeply over the past decades \[[@B1]--[@B3]\]. This is particularly so for previously traditional societies such as the American Indians \[[@B4], [@B5]\], Alaska Natives \[[@B5]\], Canadian Inuits \[[@B6]\], Papua New Guineans, Pacific Island nations \[[@B7], [@B8]\], and Aboriginal and Torres Strait Islander people (referred to as Indigenous Australians) \[[@B9]\]. In the remote Torres Strait region, in the far north of Australia ([Figure 1](#fig1){ref-type="fig"}), 51% of the population is classified as obese \[[@B10]\]. The prevalence of childhood overweight and obesity in Indigenous youths residing in this region is also very high (46%). A high proportion of children show signs of obesity-associated metabolic complications such as the metabolic syndrome (17%), acanthosis nigricans (41%), and hypertension (27%) \[[@B11]\].

Limited data on food intake patterns and physical activity among Australian children are available. In a national survey, the food intake patterns of adolescents (mostly non-Indigenous) differed by sex with females reporting higher fruit intake and males consuming more soft drinks \[[@B12]\]. Reports from a school-based study \[[@B13]\] also showed sex and regional differences in the patterns of food intake of adolescents: those living in the nonmetropolitan areas reported higher vegetable consumption and lower consumption of fast foods than those from the metropolitan region, and females had food patterns that were more closely aligned with the Australian Guide for Healthy Eating (AGHE) \[[@B14]\] than males.

Sex and age differences in the patterns of physical activity have also been reported. The number of days school-aged children engage in physical activity decreased with age. Also, the number of days children engaged in physical activity was higher for boys than girls \[[@B15]\]. Participation in organised sports was also higher for boys aged 12--14 year (74%) than girls (55%) \[[@B16]\].

In national health surveys, fruit and vegetable consumption was lower for Indigenous Australians aged ≥12 years living in remote areas compared to Indigenous people in nonremote areas. Indigenous and non-Indigenous people residing in nonremote areas reported a similar vegetable intake; Indigenous people reported eating less fruit, \[[@B17]\] and were more likely to be sedentary \[[@B18]\] than other Australians in remote areas. For example, among people aged 18--34 years, 60--71% of non-Indigenous people reported low levels of exercise or were sedentary compared to 69--80% of Indigenous people \[[@B18], [@B19]\].

Torres Strait Islander residents are renowned as high consumers of seafood such as fish, marine turtles, dugong (a local sea mammal), and shellfish \[[@B20]\], with customary (subsistence) and commercial fishing \[[@B20]\] playing an important role in the region\'s local economy (<http://www.tsra.gov.au/the-torres-strait/community-profiles.aspx>). Dugong and turtle have energy content similar to baked/grilled fish. Dugong can be fried or cooked slowly (meat and fat), and when it is fried its energy content is similar to fried fish obtained from "fast-food" outlets.

Our initial report on 327 school-age Indigenous youths (5--17 years) residing in the Torres Strait region focused on the prevalence of obesity, the metabolic syndrome (as defined by the International Diabetes Federation) \[[@B23]\], and type 2 diabetes mellitus \[[@B11]\]. This paper investigates the differences in usual diet (including some traditional foods that are a large part of the local diet) and physical activity patterns between overweight or obese and normal weight Indigenous youths. This paper also examines the relationship between these factors and obesity in this group.

2. Methods {#sec2}
==========

2.1. Subjects {#sec2.1}
-------------

The Torres Strait region comprises approximately 150 islands with 15 Indigenous communities. The cross-sectional study took place on 4 island communities: Thursday Island, Horn Island, Sue Island, and Mabuiag Island. Further details of the study have been previously described \[[@B24]\]. Briefly, the study was conducted in this region from April to September, 2003, in conjunction with a general health-screen program initiated by the local health district. Some schools also took part in the screening program at that time and were included in the study. All Indigenous and non-Indigenous youths with ages ranging between 5 and 17 years who attended one of the 5 schools on these 4 islands were eligible. Of the 1050 eligible youths enrolled across the five selected schools, 327 participated in the study (31%). Eighteen non-Indigenous youths and 32 youths with missing information on key variables were excluded (277 were included in the analysis). Participation rates varied by community: Thursday Island 29%, Horn Island 25%, Mabuiag Island 96%, and Sue Island 100%. On Thursday Island, there were 114 eligible high school adolescents attending school and of these 68 were classified as boarders. Boarders live in residential colleges near to the school on Thursday Island during the school calendar year while their families resided in one of the outer islands. The students return to their family home during the school holidays. The overall participation rate for outer island adolescents was 97%.

2.2. Study Measurements {#sec2.2}
-----------------------

Measurements included height, weight, and waist circumference (standardisation of these measurements have been described elsewhere) \[[@B24]\]. The majority of the data was collected by a nutritionist of Aboriginal descent (AM) and on the occasions by an Indigenous health worker. All youth took part in a structured face-to-face interview with AM and completed a dietary questionnaire ("short nutrition questionnaire"). Among ninety-two high school adolescents, a food frequency questionnaire (FFQ) was used to obtain additional information.

### 2.2.1. Short Nutrition Questionnaire {#sec2.2.1}

Questions were based on a validated Australian National Nutrition Survey \[[@B25], [@B26]\] with slight modification to enable data to be collected about youths on the consumption of turtle and dugong---commonly consumed marine mammals by the Indigenous population. Possible responses to the questions on fruit and vegetables were "do not eat", "1 serving or less", "2 to 3 servings", "4 to 5 servings," and "6 servings or more" (per day). Due to very small numbers in the lowest and highest group, we recategorized the responses as: "*do not eat or 1 serving or less*," "*2 to 3 servings*," and "*4 servings or more*". Possible responses to questions on "takeaway" food (fast food), consumption of turtle, dugong and fish ("never eat", "1 time per week", "2 to 3 times", "4 to 5 times," to "6 or more times") were also recategorised. There were also questions on types of milk, bread, bread/cracker spread, cooking oils, and breakfast cereal consumed by participants.

### 2.2.2. Food Frequency Questionnaire {#sec2.2.2}

A 108-item FFQ was completed under the supervision of a nutritionist by 92 (81%) high school adolescents to obtain additional information on frequency of consumption of food items listed on the FFQ in the past 12 months. Each food item had a response option of nine frequency categories ranging from "never" or "less than once a month" to "4+ times a day." A slightly modified version of the 1995 Australian National Nutrition Survey (NNS) FFQ was used in this study. The modification involved excluding a list of vitamin and mineral supplements considered irrelevant to our study. The 1995 NNS FFQ was a modified version of an existing validated questionnaire developed for use in Australian populations with additional foods included \[[@B27]\]. The NNS FFQ was piloted and pretested before administration \[[@B28]\], and had been previously used to collect dietary information from respondents aged 12 years and over in Australia \[[@B29]\]. Participants in the 1995 NNS had provided 24-hour recall data that constituted the primary source of dietary data for that survey; however, for this study, 24-hour recall data was not collected.

We categorized food items on the FFQ into five food groups (dairy, fruit, bread and cereal, meat, vegetables) and an "energy-dense" food group according to the definitions of the Australian Guide to Healthy Eating \[[@B14]\]. Energy-dense foods are generally high in sugar and fats and are not meant to be consumed daily. Daily consumption of foods from each of the five food groups as defined by the AGHE was assessed using a similar method to the one reported by Savige et al. \[[@B13]\]. To assess the proportion of children consuming foods from the five food groups daily, the response options on the FFQ were converted to frequency per day as follows: never = 0.00 times per day; \<1 per month = 0.02 times per day; 1--3 times per month = 0.07 times per day; 1 per week = 0.14 times per day; 2--4 times per week = 0.43 times per day; 5--6 times per week = 0.79 times per day; 1 per day = 1.0; 2--3 times per day = 2.5 times per day; 4+ per day = 4 times per day. To obtain a daily intake for each food group, we added up the number of times each of the items was consumed (components of each group are shown in [Table 6](#tab6){ref-type="table"}) \[[@B13]\]. The summed daily frequencies were then recategorized using the following arbitrary cut-points: 0--0.14 times per day = "never/rarely consumed", \>0.14--1.0 = "consumed 1--6 times a week or most days", and \>1.0 = "consumed at least daily" to allow comparison with results of other studies on food intake pattern in Australian adolescents \[[@B13]\].

We formed four subgroups from the "energy-dense" foods, namely, high-energy drinks, sweet-snacks, savoury-snacks, and "takeaway" style food; and three "low-energy" food groups comprising all types of fruit including fruit juices, green leafy, orange, and cruciferous vegetables, and "other" vegetables ([Table 4](#tab4){ref-type="table"}) to assess the association between daily frequency of intake of these foods and weight assessment status. These sub-groups were categorised using a similar method to the one reported by Savige et al. \[[@B13]\] who reported on food intake patterns of Australian adolescents.

2.3. Physical Activity {#sec2.3}
----------------------

All youths were asked about their frequency of physical activity ("How many days did you do physical activity in the last week") \[[@B24]\]. When they were not sure about the question asked, the interviewer (AM) further explained by asking the children how many days of the past seven days had they engaged in physical activity or active play that raised their heart rate or caused them to "huff and puff".

2.4. Statistical Analysis {#sec2.4}
-------------------------

Overweight and obesity were defined by using body mass index (BMI = weight(kg)/height(m)^2^) and Cole et al.\'s \[[@B30]\] childhood-equivalent cut-points (age and sex adjusted) to an adult BMI of 25 (overweight) and 30 (obese), respectively (BMI smaller than these cut-points was classified as "normal weight"). Age and sex-specific cut-points \[[@B31]\] were used to classify central obesity (waist circumference).

The Statistical Package for the Social Sciences version 17.0 (SPSS, Chicago, Ill) and SAS version 9.1 (SAS Institute, Cary, NC) were used for data analysis. Statistical significance was set at *α* = 0.05. Proportions and chi-squared test were used to compare categorical variables. Fisher\'s exact test was used when cell count was \<5. Analyses of the "short nutrition questionnaire" and FFQ were conducted separately. A multiple logistic regression model (odds ratios, 95% confidence intervals) adjusting for age, sex, physical activity, and boarding status (boarder versus non-boarder) assessed the associations between being overweight/obese (dependent variable) and consumption of each of the selected food groups. A second model assessed the association between being overweight/obese and physical activity.

The study hypothesis was that frequency of physical activity and food consumption amongst normal weight youth was significantly different to that of overweight/obese youths. Estimated power for two-sample comparisons of proportions was calculated using Stata/IC 11.2 for Windows. The null hypothesis was that there is no difference in the proportion of youths reporting frequency of physical activity (or food consumption) between normal weight compared to overweight/obese youths. Assuming *α* = 0.05, sample sizes *n*1 = 150, and *n*2 = 127, the statistical power of the study to detect statistically significant differences was greater for the evaluation of differences in physical activity between the two groups (82% power to detect 61% versus 43%) when compared to the evaluation of food consumption (46% power to detect 55% versus 43%, and 28% power to detect 23% versus 31%).

The study, conducted in accordance with the Declaration of Helsinki, was approved by the Queensland Institute of Medical Research Human Ethics Committee, the local Health Council, Health Service District, and Regional Education Committee.

3. Results {#sec3}
==========

Analysis included 277 Indigenous youths ([Table 1](#tab1){ref-type="table"}). The mean age was 11.2 years (SD = 3.1) and 184 youths resided in the inner Torres Strait Islands (Thursday Island and nearby islands). Almost half of the youths (46%) were overweight/obese and 35% had central obesity. Compared to males, more females had central obesity (50% versus 18%, *P* \< 0.001) or were classified as overweight/obese (51% versus 40%, *P* = 0.063), although the BMI comparison was not significant.

3.1. Short Nutrition Questionnaire {#sec3.1}
----------------------------------

Overall, 52% of participants had ≤2 servings of fruit daily and 83% did not have 4 servings of vegetables daily. Fish, turtle, dugong, and takeaway foods were eaten at least twice a week by 65%, 27%, 26%, and 27% of youths, respectively ([Table 2](#tab2){ref-type="table"}). Most youths usually consumed whole milk, white bread, soft drinks with added sugar, and breakfast cereal without added sugar. No significant differences in the pattern of food consumption by weight assessment or sex were seen.

Sixty percent of the high school adolescents were boarders on Thursday Island (56% females, average age 13.8 years, SD = 1.4, 48% overweight/obese). We reasoned there would be little variation in the pattern of food intake among boarders compared to those who return home for their meals every day. Also, meals provided to boarders could potentially be more balanced and more likely to adhere to the Australian Guide to Healthy Eating than meals eaten at home. The analysis was, therefore, repeated comparing high school boarders with nonboarders. Consumption of most food items described in [Table 2](#tab2){ref-type="table"} was similar between the 2 groups (*P*-values ranged from 0.296 to 0.973). Exceptions included fruit consumption (75% of the boarders had at least 2 servings daily compared to 46% for nonboarders, *P* \< 0.001), white breads (96% of the boarders had white breads versus 76% for nonboarders, *P* = 0.009), cereals (57% of the boarders had cereals without added sugars versus 22% for nonboarders, *P* = 0.003), butters instead of margarine (86% of the borders versus 59% of non-borders, *P* = 0.010), and oils (85% of the boarders had food cooked with monounsaturated oils versus 63% for nonboarders, *P* = 0.018).

3.2. Food Frequency Questionnaire {#sec3.2}
---------------------------------

Frequency of intake data was available for 92 Indigenous high-school youths: 57% male, average age 14.3 years (SD = 1.5), 49% were overweight/obese, and 43% centrally obese. In general, except for dairy (69%), frequency of daily consumption from the five food groups was similar (90%) amongst participants. Specifically, energy dense foods and beverages\' was the most commonly consumed food group on a daily basis (97%) followed by meats (94%), vegetables, and bread (91%) ([Table 3](#tab3){ref-type="table"}). The proportion of participants who never/rarely consumed energy dense foods and beverages was 0%, dairy products 5%, vegetables 2%, with meat, fruits, and breads 1% each.

We found that neither frequency of daily intake of energy-dense foods including high-energy drinks, sweet snacks, savoury snacks, takeaway-style foods, nor low-energy foods including fruits, green leafy, orange, and cruciferous vegetables, and other vegetables were associated with body weight status (*P* \> 0.05) ([Table 4](#tab4){ref-type="table"}). Intergroup comparisons for the other food types did not reveal any significant differences. Except for daily consumption of takeaway foods (33% of boys versus 5% of girls, *P* = 0.001), there was no significant sex difference in usual frequency of food consumption (data not shown, *P*-values ranged from 0.150 to 0.834).

3.3. Physical Activity {#sec3.3}
----------------------

Overweight/obese youths reported engaging in fewer days of physical activity in the previous week (mean = 3.2 days) than normal weight youths (mean = 3.9 days, *P* = 0.001). Fifty-seven percent of overweight/obese youths reported 0--3 days of physical activity in the previous week compared to 39% for normal weight youths ([Table 2](#tab2){ref-type="table"}). The pattern of physical activity differed by sex and age. Overall, boys reported an average of 3.8 days of physical activity in the previous week compared to 3.3 days for girls (*P* = 0.021). The sex difference was most evident amongst high-school adolescents: 44% of the boys reported 4--7 days of physical activity compared to 17% of the girls (*P* = 0.002; mean = 3.6 days for boys, mean = 2.2 days for girls, *P* \< 0.001). Primary school boys and girls reported similar levels of physical activity (*P* = 0.913). Primary school children reported an average of 4.0 days of physical activity in the previous week compared to 2.9 days for high school adolescents (*P* \< 0.001). Amongst boarders, the pattern of physical activity also differed by sex (39% of the boys reported 5--7 days of physical activity and 19% 0-1 day compared to 8% and 29% of the girls, resp. *P* = 0.045).

3.4. Multivariate Analysis {#sec3.4}
--------------------------

Overweight/obese youths were more likely to report fewer days of physical activity (0--3 days as opposed to 4--7 days) in the preceding week than normal weight youths (OR = 2.50, 95%CI 1.44--4.34). There was also a statistically significant trend (*P* = 0.001) between physical activity and overweight/obesity: fewer physically active days was associated with a higher risk of being overweight/obese (OR = 1.66, 95%CI 0.98--2.89 for those reporting 2--4 days of physical activity in the last week and OR = 5.65, 95%CI 2.10--15.23 for those reporting ≤1 day, compared to 5--7 days).Youths with large waist circumference were also more likely to report fewer days (0--3 days) of physical activity in the preceding week than normal weight youths (OR = 2.9, 95%CI 1.31--6.43), and this effect was independent of weight (weight assessment was included in the model). Except for the consumption of dugong, there were very little differences in the pattern of food consumption by weight assessment ([Table 5](#tab5){ref-type="table"}). Overweight/obese youths were 1.89 times (95%CI 1.07--3.34) more likely to eat dugong regularly than normal weight youths. No differences in food consumption by waist circumference were seen.

A sensitivity analysis was conducted to assess whether findings were influenced by the boarders\' distinct circumstances (potentially healthier food patterns than youths who return home for their meals every day). The multivariate analysis was repeated in the subgroup of nonboarders and odds ratios were similar to those for the total study population ([Table 5](#tab5){ref-type="table"}).

4. Discussion {#sec4}
=============

This is the first study to examine food intake and physical activity patterns of Indigenous youths residing in the Torres Strait, a group with a high prevalence of overweight/obesity and risk factors for the metabolic syndrome \[[@B10], [@B11]\]. The most significant observation was the consistent association between overweight/obesity and frequency of physical activity. In general, high school adolescents reported fewer days of physical activity in the previous week than primary school children, and high school girls reported fewer days of physical activity than boys. Adolescent Indigenous girls may, therefore, be the most likely to benefit from an intervention aimed at increasing physical activity.

A large number of Indigenous youths reported low daily frequency of fruits and vegetables consumption compared to AGHE \[[@B14]\]. Of particular concern is the daily consumption of sweet snacks and high-energy drinks by high school adolescents. In the past, Indigenous Australians had a very active subsistence lifestyle, their traditional diet was low in energy density, high in micronutrients, and included Indigenous fruits, vegetables, fibre, seeds, meats (i.e., kangaroo), and sea foods (e.g., fish, crustaceans, and shellfish) for those groups living near water \[[@B9], [@B32]--[@B34]\]. The diet of youths in the Torres Strait has become less "traditional" and more "Westernised". Geographically the Torres Strait Islands are unique in that they are isolated from the Australian mainland and from the other island communities themselves by significant bodies of water ([Figure 1](#fig1){ref-type="fig"}). In general, the fresh produce from the mainland (delivered weekly to Thursday Island) travels long distances, is transferred at various points, and is exposed to high temperatures \[[@B21], [@B22]\]. Compared with stores located in major Queensland cities, the cost of fruit, vegetables, and legumes is 20.6% higher, and 9% of basic healthy food items are usually unavailable for purchase in remote areas \[[@B35]\]. Access and affordability of fruit and vegetables in the Torres Strait region needs to be urgently acted upon by local, State and National governments in order to improve the nutrition of local youths. There is also a need for devising public health strategies and culturally appropriate health promotion and nutrition education programs aimed at increasing the intake of vegetables and fruit and low-fat dairy products, while reducing the consumption of high energy drinks and sweet snacks. Because of the high cost of "imported food," nutritional education programs that incorporate healthy "traditional" alternatives (more readily available and cheaper) are likely to be effective.

Overweight/obese youths were almost twice as likely to eat dugong regularly and to a lesser extent turtle than normal weight youths. In this region, dugong and turtle are prepared in a variety of ways, some of which involves cooking in significant quantities of fat (oral communication and R Edwards, 1988) \[[@B36]\]. Dugong (3.1 grams/100 g, 526 kJ/100 g) has higher amount of fats than turtle (0.7 grams/100 g, 453 kJ/100 g), but compared to other foods both are reasonably lower in fat (i.e., 2% low fat milk has 4.7 grams/100 g) and have an energy content similar to baked/grilled fish (520 kJ/100 g) \[[@B37], [@B38]\]. The method of cooking dugong, especially if fried or cooked slowly (meat and fat) may contribute to the observed association with obesity as the energy content of fried dugong is about 900 kJ/100 g, which is similar in energy content to fried fish obtained from "fast-food" outlets.

Our findings about usual frequency of fruit and vegetable consumption differ slightly from studies of mostly non-Indigenous children conducted in the states of Victoria \[[@B39]\] and Queensland (both used Food Frequency Questionnaire for data collection) \[[@B15]\]. In these studies, 50--66% of the children met the AGHE for fruit and about 15% for vegetable consumption. In our study, 48% of the youths reported eating 2+ servings of fruit daily and 16% reported eating 4+ servings of vegetables daily. The consumption of fast foods amongst the Torres Strait youths was higher than that of children from mainland Queensland (up to 27% of Torres Strait youths had it 2+ times/week compared to 8.7% for mainland Queensland children). In Victoria \[[@B39]\], females had food patterns that were more closely aligned with the Guidelines than males. Except for takeaway foods for which consumption was higher for males than females, we found no gender differences in food consumption.

Data are scant on food intake patterns among Indigenous Australian youths. Our findings about usual fruit and vegetable intake were similar to those of a national survey which included a small number of 12--14-year-old Indigenous children; 53% met the Guidelines for fruit and 12% for vegetable consumption \[[@B17]\] compared to 48% and 16%, respectively, for the Torres Strait youths. Our findings about usual fruit and vegetable intake differ from results of a study of 72 Indigenous children residing in mainland Queensland; 65% met the Guidelines for fruit and 33% for vegetable consumption \[[@B40]\]. The differences between the Queensland mainland study and the Torres Strait data probably relate to the reduced availability of fresh produce on the islands.

Our findings about physical activity by sex are similar to previous reports on physical activity in Australian children \[[@B15], [@B16]\]. A Queensland-wide study of 3691 mostly non-Indigenous children reported that the number of days children engaged in physical activity or active play in the previous week decreased with age and was higher in boys than girls \[[@B15]\]. Many factors may influence a child\'s frequency and level of physical activity (i.e., physical environment, socioeconomic issues). The factors influencing physical activity amongst Indigenous children in the Torres Strait are currently unknown. Given the high prevalence of overweight/obesity in this population, \[[@B10], [@B11]\] the limitations to physical activity need to be identified.

There are a number of limitations inherent in the current study. Firstly, because of the cross-sectional design of our study, it is not possible to draw causal inferences only probable associations. Other studies have shown that a "healthy volunteer effect" among participants in epidemiologic studies can occur \[[@B41], [@B42]\]. Selection bias in our study may have resulted in a healthier and more active group of participants compared to the general population. Therefore, our findings may have potentially overestimated behaviours perceived as "healthy" (i.e., fruits) and underestimated the food intake patterns of "unhealthy foods" (i.e., sweet snacks). The FFQ did not include portion sizes, which may be important for foods that do not come in natural or typical units. Although the FFQ is comprehensive, it might not include all foods eaten by the Indigenous population. Furthermore, our study FFQ, though not validated, was based on the NNS questionnaire with slight modification. The NNS FFQ was, however, a modified version of a validated questionnaire developed for use in Australian populations (Ireland et al.) and has been used in a national nutrition survey \[[@B12]\] as well as studies involving adolescents \[[@B29], [@B43]\]. The measure of physical activity used was general and did not capture the other dimensions of physical activity (type, intensity, and duration) \[[@B44]\]. Although not all youths might have interpreted "physical activity" in the same way, they all had the opportunity to ask for clarification. Nevertheless, simple, self-reported questions on children\'s physical activity appear to have acceptable reliability, and validity, \[[@B45]--[@B47]\] and have practical value in indicating situations where an increase in physical activity would be beneficial. Lastly, our study was small and consequently had limited power to detect small differences between the groups with certainty; consequently, there may have been differences that the study did not detect.

Our findings illustrate how a "Westernised" life-style (high calorie diet and little exercise) is associated with weight status (overweight/obesity) in this population. This experience is similar to that of Aboriginal groups in other parts of Australia (e.g., Western Australia) \[[@B48]\] and to other previously traditional societies now in transition to an urbanized, Western existence (e.g., Pima Indians in North America, \[[@B49]\] Inuit in Canada, \[[@B50]\] Papua New Guineans, and other Pacific Island nations) \[[@B7], [@B8]\]. For example, nearly half of the Inuit population in Nunavut are overweight or obese, and 60% of adults are physically inactive \[[@B6]\]. As in the Torres Strait, Inuit communities are isolated with foods coming from a limited number of grocery stores or through traditional hunting and fishing. Recent reports of the usual diet of this group highlighted that non-nutrient-dense store-bought foods (high in fat and sugar) were consumed much more frequently than the nutrient-dense traditional foods \[[@B50]\].

Torres Strait residents are faced with many challenges in relation to their ability to access certain other food groups because of their geographic isolation \[[@B21], [@B22]\]. Locally, our findings contribute to the limited knowledge available on frequency of food consumption and physical activity of Indigenous Australian youths and provide useful information that is particularly relevant to the Torres Strait region. A number of diet inadequacies were identified but the most striking observation emerging here is the consistent association between overweight/obesity and physical activity. Our data reinforce the importance of physical activity in Indigenous populations with high prevalence of obesity. Interventions aimed at raising levels of physical activity in youths are likely to play an important role in the primary and secondary prevention of obesity \[[@B51]\]. There is an urgent need for research (relevant to the local setting) to identify the factors that may influence a child\'s frequency and level of physical activity, and the cultural and social barriers to behaviour change so that effective interventions can be developed.
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Food groups classified according to Australian Guide to Healthy Eating \[[@B13]\]. See [Table 6](#tab6){ref-type="table"}.
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###### 

Characteristics of whole study population.

                                     Primary schools (*n* = 163) *n* (%)   High school (*n* = 114) *n* (%)   Total (*n* = 277) *n* (%)   *P* value
  ---------------------------------- ------------------------------------- --------------------------------- --------------------------- -----------
  Sex                                                                                                                                    
   Male                              68 (42)                               60 (53)                           128 (46)                    0.073
   Female                            95 (58)                               54 (47)                           149 (54)                    
  BMI^a^                                                                                                                                 
   Normal                            90 (55)                               60 (53)                           150 (54)                    0.871
   Overweight                        44 (27)                               34 (30)                           78 (28)                     
   Obese                             29 (18)                               20 (18)                           49 (18)                     
  Increased waist circumference^b^   46 (28)                               51 (45)                           97 (35)                     0.004

^a^Body mass index (BMI) = weight (kg)/height (m)^2^; Cole et al.\'s \[[@B30]\] childhood-equivalent cut-points to an adult BMI of 25 and 30 were used to categorise BMI;

^b^Missing information for 1 youth; age and sex-specific cut-points as described by Jolliffe and Janssen \[[@B31]\] were used to classify central obesity (large waist circumference).

###### 

Selected food frequency ("short nutrition questionnaire") and physical activity by weight assessment for the whole study population.

                                                            Normal weight (*n* = 150) *n* (%)   Overweight or obese (*n* = 127) *n* (%)   Total (*n* = 277) *n* (%)   *P*-value
  --------------------------------------------------------- ----------------------------------- ----------------------------------------- --------------------------- -----------
  *How many servings of.... do you usually eat each day?*                                                                                                             
                                                                                                                                                                      
  Fruit^a^                                                                                                                                                            
   1 servings/day or less                                   75 (50)                             68 (54)                                   143 (52)                    0.631
   2-3 servings/day                                         46 (31)                             39 (31)                                   85 (31)                     
   4+ servings/day                                          29 (19)                             19 (15)                                   48 (17)                     
  Vegetables^a^                                                                                                                                                       
   1 servings/day or less                                   83 (55)                             54 (43)                                   137 (49)                    0.070
   2-3 servings/day                                         43 (29)                             52 (41)                                   95 (34)                     
   4+ servings/day                                          24 (16)                             20 (16)                                   44 (16)                     
  Takeaway foods^a^                                                                                                                                                   
   never eat                                                11 (7)                              15 (12)                                   26 (9)                      0.356
   1/week or less                                           99 (66)                             83 (66)                                   182 (66)                    
   2+ times/week                                            40 (27)                             28 (22)                                   68 (25)                     
  Turtle^b^                                                                                                                                                           
   never eat                                                24 (16)                             22 (18)                                   46 (17)                     0.323
   1/week or less                                           90 (60)                             63 (51)                                   153 (56)                    
   2+ times/week                                            36 (24)                             38 (31)                                   74 (27)                     
  Dugong^c^                                                                                                                                                           
   never eat                                                29 (19)                             25 (20)                                   54 (20)                     0.228
   1/week or less                                           87 (58)                             61 (49)                                   148 (54)                    
   2+ times/week                                            34 (23)                             39 (31)                                   73 (27)                     
  Fish^a^                                                                                                                                                             
   1/week or less                                           52 (35)                             45 (36)                                   97 (35)                     0.228
   2-3/week                                                 49 (33)                             41 (33)                                   90 (33)                     
   4+ times/week                                            49 (33)                             40 (32)                                   89 (32)                     
  Milk^d^                                                                                                                                                             
   Whole milk                                               134 (94)                            110 (94)                                  244 (94)                    0.434
   Low/reduced fat                                          5 (4)                               6 (5)                                     11 (4)                      
   Other                                                    4 (3)                               1 (1)                                     5 (2)                       
  Bread                                                                                                                                                               
   White bread                                              141 (94)                            113 (89)                                  254 (92)                    0.163
   Wholemeal, grain                                         9 (6)                               12 (9)                                    21 (7)                      
   Do not eat bread                                         0---                                2 (2)                                     2 (1)                       
  Spread                                                                                                                                                              
   Butters                                                  74 (50)                             70 (55)                                   144 (52)                    0.564
   Margarine                                                71 (47)                             52 (41)                                   123 (44)                    
   Do not use dairy/margarine spread                        5 (3)                               5 (4)                                     10 (4)                      
  Cooking oil^e^                                                                                                                                                      
   Monosaturated oils                                       56 (44)                             54 (49)                                   110 (47)                    0.475
   Polysaturated oils                                       70 (56)                             56 (51)                                   126 (53)                    
  Breakfast cereal                                                                                                                                                    
   Without added sugars                                     94 (63)                             76 (60)                                   170 (61)                    0.870
   With added sugars                                        47 (31)                             42 (33)                                   89 (32)                     
   Do not eat cereal                                        9 (6)                               9 (7)                                     18 (7)                      
  Soft Drink                                                                                                                                                          
   With added sugar                                         132 (88)                            110 (87)                                  242 (87)                    0.759
   Diet drinks                                              17 (11)                             15 (12)                                   32 (12)                     
   Do not drink soft drink                                  1 (1)                               2 (2)                                     3 (1)                       
  Physical activity in the last week^f^                                                                                                                               
   0--3days                                                 56 (39)                             72 (57)                                   128 (47)                    0.003
   4--7 days                                                89 (61)                             55 (43)                                   144 (53)                    

^a^Missing information for 1 youth; ^b^missing information for 4 youths; ^c^missing information for 2 youths; ^d^missing information for 17 youths; ^e^missing information for 41 youths; ^f^missing information for 5 youths.

###### 

Usual frequency of consumption from each of the five food groups, including "energy-dense" food group and water in high school adolescents who answered the FFQ (*n* = 92).

                                     Frequency of food consumption             
  ---------------------------------- ------------------------------- --------- ---------
  Dairy                              63 (69)                         24 (26)   5 (5)
  Fruit                              82 (89)                         9 (10)    1 (1)
  Meat                               86 (94)                         5 (5)     1 (1)
  Vegetables                         84 (91)                         6 (7)     2 (2)
  Bread                              84 (91)                         7 (8)     1 (1)
  Energy dense foods and beverages   89 (97)                         3 (3)     0 (0)
  Water (including tea and coffee)   55 (60)                         26 (28)   11 (12)

\*Food groups are based on the classification of the Australian Guide to Healthy Eating \[[@B14]\].

###### 

Proportion of high-school adolescents who consumed food from each of the selected food groups (*n* = 92 adolescents who answered the FFQ).

                                                                             Normal weight (*n* = 47) *n* (%)   Overweight or obese (*n* = 45) *n* (%)   Total (*n* = 92) *n* (%)   Overall *P*-value\*
  -------------------------------------------------------------------------- ---------------------------------- ---------------------------------------- -------------------------- ---------------------
  *Energy-dense food group*                                                                                                                                                         
                                                                                                                                                                                    
  High energy drinks^a^                                                                                                                                                             
   Never/rarely consumed                                                     1 (2)                              1 (2)                                    2 (2)                      0.643
   Consumed 1 to 6 times a week                                              22 (47)                            16 (36)                                  38 (41)                    
   Consumed at least daily                                                   24 (51)                            28 (62)                                  52 (57)                    
  Sweet snacks^b^                                                                                                                                                                   
   Never/rarely consumed                                                     0 (0)                              0 (0)                                    0 (0)                      0.609
   Consumed 1 to 6 times a week                                              11 (23)                            8 (18)                                   19 (21)                    
   Consumed at least daily                                                   36 (77)                            37 (82)                                  73 (79)                    
  Savoury snacks^c^                                                                                                                                                                 
   Never/rarely consumed                                                     3 (6)                              5 (11)                                   8 (8)                      0.680
   Consumed 1 to 6 times a week                                              31 (66)                            30 (67)                                  61 (66)                    
   Consumed at least daily                                                   13 (28                             10 (22)                                  23 (25)                    
  Takeaway-style foods^d^ (e.g., pasties, meat pies, sausage rolls, pizza)                                                                                                          
   Never/rarely consumed                                                     5 (11)                             9 (20)                                   14 (15)                    0.162
   Consumed 1 to 6 times a week                                              29 (62)                            30 (67)                                  59 (64)                    
   Consumed at least daily                                                   13 (28)                            6 (13)                                   19 (21)                    
  *Low-energy food group*                                                                                                                                                           
  Fruit^e^                                                                                                                                                                          
   Never/rarely consumed                                                     0 (0)                              1 (2)                                    1 (1)                      0.607
   Consumed 1 to 6 times a week                                              4 (9)                              5 (11)                                   9 (10)                     
   Consumed at least daily                                                   43 (91)                            39 (87)                                  82 (89)                    
  Green leafy, orange, and cruciferous vegetables^f^                                                                                                                                
   Never/rarely consumed                                                     2 (4)                              2 (4)                                    4 (4)                      0.900
   Consumed 1 to 6 times a week                                              6 (13)                             4 (9)                                    10 (11)                    
   Consumed at least daily                                                   39 (83)                            39 (87)                                  78 (85)                    
  Other vegetables^g^                                                                                                                                                               
   Never/rarely consumed                                                     1 (2)                              2 (4)                                    3 (3)                      0.642
   Consumed 1 to 6 times a week                                              9 (19)                             11 (24)                                  20 (22)                    
   Consumed at least daily                                                   37 (79)                            32 (71)                                  69 (75)                    

\**P* value from Fishers Exact test (two-tailed) as expected value in some cells are less than 5.

^a^Energy drinks include cordial, soft drinks, electrolyte or sport drinks, and other high energy drinks, for example, Redbull.

^b^Sweet snacks include cakes, sweet pies, sweet puddings, sweet plain biscuits, sweet fancy biscuits, chocolates, other confectioneries, sugar, and jam.

^c^Savoury snacks include nuts potato or corn chips/crisps, savoury biscuits, crisp bread, or crackers.

^d^Takeaway (fast food) style foods include meat pies, sausage rolls, pizza, hamburgers, other takeaway (fast food) style foods.

^e^Fruit group include mixed fruit, apple, orange, peach, banana, mango, pineapple, berries, other fruit, dried fruit, and fruit juice.

^f^Green leafy, orange, and cruciferous vegetables group include spinach, silverbeet, stir-fry vegetables, carrots, sweet potato, salad greens, broccoli, cauliflower, tomatoes, pumpkin, and green leafy vegetables.

^g^Other vegetables include potatoes, peas, beans, celery, sprouts, zucchini, capsicum, avocado, onion, corn, and mushroom.

###### 

Adjusted odds ratios of selected foods and physical activity for those who were overweight or obese compared to normal weight youth\*.

                                                      Whole study population   Nonboarders
  --------------------------------------------------- ------------------------ -------------------
  Fruit (≥2 *servings*per day)^a^                     0.74 (0.43--1.26)        0.87 (0.48--1.58)
  Vegetables (≥4 *servings*per day)^a^                1.03 (0.50--2.14)        1.03 (0.50--2.14)
  Takeaway foods (≥2 per week)^a^                     0.99 (0.53--1.89)        0.99 (0.53--1.88)
  Turtle (≥2 per week)^a^                             1.62 (0.85--3.09)        1.62 (0.85--3.09)
  Dugong (≥2 per week)^a^                             1.89 (1.07--3.34)        1.80 (0.93--3.48)
  Fish (≥2 per week)^a^                               0.99 (0.55--1.79)        0.99 (0.55--1.79)
  Physical activity in the last week^a^ (0--3 days)   2.50 (1.44--4.34)        2.33 (1.26--4.30)

\*All logistic regression models and odds ratios (unless stated) were adjusted for age, sex, physical activity, and boarder versus nonboarders.

^a^Information obtained through the "short nutrition questionnaire".

^b^Logistic regression model and odds ratio for physical activity were adjusted for age, sex, boarder versus nonboarders, and consumption of fruit, vegetables, turtle, and dugong.

  *Food groups*                                                                                Items making up food groups
  -------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  *Dairy group*                                                                                Flavoured milk, milk as a drink, milk added to cereal, milk added to hot beverage, that is, tea, yoghurt, cottage cheese, cheddar cheese
  *Fruit group*---includes fresh, frozen, canned, dried fruits, and juices                     Mixed fruit, apple, orange, peach, banana, mango, pineapple, berries, other fruits, that is, frozen, canned fruits, dried fruit, fruit juice
                                                                                               
  *Bread and cereal group*                                                                     White bread and wholemeal breads, muesli, porridge, cold breakfast cereals, rice, pasta, and noodles
                                                                                               
  *Meat group* and meat substitute group (excludes processed meats)                            Mince, mixed beef/veal/lamb/pork dishes, liver, offal, chicken, canned fish, steamed fish, fried fish, seafood, eggs, pulses, and soybean
                                                                                               
  *Vegetable group***---**includes potatoes                                                    Green vegetables, stir-fry vegetables, potatoes, carrots, sweet potato, peas, beans, silver beet, salad greens, celery, broccoli, cauliflower, sprouts, pumpkin, zucchini, capsicum, tomatoes, tomato paste, avocado, onion, corn, mushroom
  *Energy dense foods and beverages***---**all foods that do not fit into the above 5 groups   cream, ice cream, muffin, biscuits, sausages, bacon, ham, luncheon, meat pie, pizza, hamburger, cakes, sweet pies, sweet puddings, plain biscuits, fancy biscuits, chocolate, other confectioneries, chips/crisps, sugar, jam, peanut butter, butter, mayonnaise, cordial, soft drinks, electrolyte, energy drinks, beer, wine, sherry, spirits, other alcohols, bread spreads
  *Water*                                                                                      Water including tea and coffee

[^1]: Academic Editor: Jenifer I. Fenton
